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PREPARING A SUPPO HT rn on. Wm , , f 1T , , ' 

The subject invention is directed ,o a process <or supporting a single site 
n. or constrained geometry ca,a, y s, and cocataiyst: to the supposed 
«-W systems resulling therefrom; and to a process tor pofymerizin, a' ieas, one 
a-ole(,n utttaing the supported catalyst system ol the invention. 

tvnicat, °' e ' in POlymen ' Za " 0n Ca,al ^ B "** ">b "uidized gas phase process are 

oZ T PPOrted ° n ' rar,ter '° l " P " ^ ™* P"** -orpnology to the 
polymer powder. A preferred method o, supporting high activity single site 
construed geomehy or metailocene calatysts and producing a powder involves 
prcpanno a solvent mixture of the support and me catalvst/cocatatys, components 
d emovtng the sofven, under hea, and vacuum. However, su* a meth d poses 
preparation/stability concerns, as we,, as potymer product morphotogy concerns, 
in terms of the preparation/stability concerns, once the catalyst and 

not typically stable for an indefinite period of time: either as a solution or as 

or IT r " ea,ed S " iCa ' SUbSeqUen ' W °* UP « * he ^ "1— °na 
- mo e solvent washes, solvent decants, and/or ,, .rations, followed by the removal 

' ^ <"*»* * applicauon of hea, and vaotum. However, ensure ,o 

o«,Th ^'T^ ""^ < " y " ,g inMmplete rem °«" <* «*« can 

straoe F a r e ' e,,OUS ° n ' Ca,a * S ' eHha ' **» P-P"—. or upon 

borage. Further, the volume of solvent required to make a flowable sluny is 

Vptcally a, teas, 4 UK g of catatys, powder. A catalys, formuiation technique tna, 

".,n,m,zes the amoun, of sofven, required for preparation would be advantageous, 

actiwJ, 1 *±m a single site cattfys, „ 

IS r ° T" 8 e0Ca,a ' VS, Prt ° r *° ln "^ uc,lon into < he —« l . «» is 
a, peak aclrvify when injected into, he reactor. This can resultin sudden and 
Wense active severe f racturing o, the cataiys, particles leading to high fines. 

Wet! r hennS lead ' n3 '° a » ,ome - fes - addition, fouling of *. catatys, 

injection system can occur. 

until Jl 1" th3t traditi0na, ae9,er - Na,t? Ca,a, y s,s do ™* achieve^peak activity 
unl- after the catalyst has been injected I into the reactor. This may be in part 
attnbuted to the fact that, in the case of typica. Ziegler-Natta polymerization 
processes, addition of EfcA, to the reactor can resu,, in meta, activation. See for 
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instance, Boor, John Jr.. Zieoler-Nalta Catalysts and Polymerizations 1 979, 
Academic Press. NY. Chapter 18: Kinetics. 

To control the polymerization of at least one a-olefin by a single site 
constrained geometry or metallocene catalyst in a gas phase polymerization 
process, an in-reactor activation of metal sites on the carrier would be 
advantageous. However, this is not without difficulty. Typical single site 
constrained geometry and metallocene catalyst components, and activators for such 
catalyst components, such as methyl alumoxane and fluorinated aryl boranes and 
borates have low vapor pressures, making dual injection difficult. 

U.S. Patent 5.332,706 discloses a process for preparing a supported 
catalyst, comprising applying an alumoxane solution to a porous support, such that 
alumoxane solution is provided to the support in an amount insufficient to form a 
slurry thereof. The application contemplates adding a metallocene to the 
alumoxane solution prior to contacting with the support. 

U.S. Patent 5.625.015 discloses a process for preparing a supported 
catalyst, comprising spraying a solution of the catalyst and cocatalyst onto a 
support, wherein the solution is provided in such an amount that the pore volume of 
the support is exceeded. 

U.S. Patent 5,721,184 discloses a process for preparing a supported 
catalyst, comprising spraying a solution of the catalyst & cocatalyst onto a support 
disposed in a conical dryer. The application contemplates embodiments wherein 
the volume of catalyst solution is less than the pore volume of the support. 

PCT Application WO 97/02297 discloses a method for forming a 
prepolymerized supported metallocene catalyst system, comprising prepolymerizing 
a gaseous olefin monomer in the presence of a supported metallocene catalyst 
system wherein the pores of the catalyst system contain a volume of liquid equal to 
or less than the total pore volume of the supported catalyst system. 

PCT Application WO 97/29134 discloses a process for making a supported 
metallocene/alumoxane catalyst system. One embodiment contemplates adding 
solutions of metallocene and alumoxane separately to the support, where the 
solution has a total volume in the range of from two to three times the total pore 
volume of the support. 
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U.S. Patent 5,422,325 discloses a process for making a supported catalyst 
system comprising slurrying a support in a solvent, and sequentially adding to the 
slurry a solution of a metallocene catalyst and a solution of an alumoxane 
cocatalyst. The disclosed process employs a drying step after the addition of both 
solutions is complete. 

Industry would find great advantage in a supported catalyst formulation that 
is robust, has a delayed activity indicating extended shelf life, and is useful to 
polymerize a-olefins to form polymer particles having low fines (<125 urn), low 
agglomerates (>1500 urn), and an acceptable bulk density (>0.3 g/mL). 

Accordingly, the present invention is directed to a process for formulating a 
supported olefin polymerization catalyst that does not require exposure to excessive 
heat during any solvent removal steps, and which exhibits robust activity despite a 
delay between the preparation of the supported catalyst system and its introduction 
into a polymerization reactor. 

The subject invention further provides a process for preparing supported 
catalyst systems that exhibit a decreased rate of catalyst activation at room 
temperature. 

In particular, the subject invention provides a process for preparing an olefin 
polymerization catalyst comprising: 

A. calcining silica at a temperature of 30 to 1000°C to form calcined 
silica, 

B. reacting the calcined silica with an agent selected from the group 
consisting of: 

i- Lewis acid alkylating agents, 
H. silane or chlorosilane functionalizing agents, and 
iii. aluminum components selected from an alumoxane or an 
aluminum compound of the formula AIR^R 2 /, wherein R 1 
independently each occurrence is hydride orR, R 2 is hydride. 
R or OR, x* is 2 or 3, y' is 0 or 1 and the sum of x" and y' is 3, 
to form a support precursor having a specified pore volume, 

C. applying to the support precursor a first solution in a compatible 
solvent of one of the following: 

(1 ) a complex of a metal of Groups 3-1 0 of the Periodic Table of 
the Elements or 
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(2) a cocatalyst selected from the group consisting of non- 
polymeric, non-oligomeric complexes capable of activating the 
complex of (C)(1) for the polymerization of a-olefins 

and optionally removing the compatible solvent to form a supported 

procatalyst; 

D- applying to the supported procatalyst a second solution in a 

compatible solvent of the other of the catatyst or cocatalyst of (C) to 
form a supported catalyst, wherein the second solution is provided in 
an amount such that 100 percent of the pore volume of the support 
precursor is not exceeded; and 
E- optionally removing the compatible solvent from the supported 

catalyst to form a recovered supported catalyst system 
The subject invention further provides a process for po.ymerizing at least 
one a-olefin monomer comprising: 

A. preparing a supported cocatalyst by: 

i- calcining silica at a temperature of 30 to 1 000°C to form 
calcined silica, 

«• reacting the calcined silica with an agent selected from the 
group consisting of: 

(a) Lewis acid alkylating agents, 

(b) silane or chlorosilane functionalizing agents, and 

(c) aluminum components selected from an alumoxane or 
an aluminum compound of the formula AIRl*R2 /t 
wherein R1 independently each occurrence is hydride 
or R, R2 ls nydride? R or QR x- is 2 or 3, / is 0 or 1 
and the sum of x* and y* is 3, 

to form a support precursor having a specified pore volume, 
«i- applying to the support precursor a first solution in a 
compatible solvent of one of the following: 

(a) a.complex of a metal of Groups 3-1 0 of the Periodic 
Table of the Elements or 

(b) a cocatalyst selected f rom the group consisting of non- 
polymeric, non-oligqmeric complexes capable of 
activating the complex of (C)(i) for the polymerization 
of a-olefins 
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and optionally removing the compatible solvent to form a 
supported procatalyst; 

iv. applying to the recovered supported procatalyst a second 
solution in a compatible solvent of the other of the catalyst or 
cocatalyst of (C) to form a supported catalyst, wherein the 
second solution is provided in an amount such that 100 
percent of the pore volume of the support precursor is not 
exceeded; and 

v. optionally removing the compatible solvent from the 
supported catalyst to form a recovered supported catalyst 
system; 

B. pressurizing a gas phase polymerization reactor with the at least one 
a-olef in monomer to be polymerized; 

C. introducing the recovered supported catalyst system to the gas 
phase polymerization reactor; 

D. activating the recovered supported catalyst system; and 

E. recovering the polymerized product from the reactor. 

These and other embodiments are more fully described in the following 
detailed description. 

The supported catalyst systems of the invention will comprise a metal 
complex, a cocatalyst, and a support. 

Concerni ng the M^tal Complex 

Suitable metal complexes for use in the practice of the claimed invention 
include any complex of a metal of Groups 3-1 0 of the Periodic Table of the 
Elements capable of being activated to polymerize addition polymerizable 
compounds, especially olefinsi 

Suitable metal complexes may be derivatives of any transition metal 
including Lanthanides, but preferably of Group 3, 4, or Lanthanide metals which are 
in the +2, +3, or +4 formal oxidation state meeting the previously mentioned 
requirements. Preferred compounds Include metal complexes (metallocenes) 
containing from 1 to 3 Tt-bonded anionic ligand groups, which may be cyclic or 
noncyclic delocalized *-bond<?d. anionic ligand groups. Exemplary of such n- - . ■:?* 
bonded anionic ligand groups are conjugated or nonconjugated, cyclic or non-cyclic 
dienyl groups, allyl groups, and arene groups. By the term "7c-bonded" is meant that 



-5- 




WO 00/40623 

PCT/US99/28850 

.he ligand group „ bondea to , he , fansilion ^ by ^ ^ ^ 

present man bond. 

^^"""^'hedelccaHzedn-bondedgroupmayindependennyba 
™ i,h 3 radiCal selected *»» "^e group consisting of haiogen 
hydrocarbyl, halohydrocarbyl, and hydrocarbyl-subsmuled Group ,4 or ,5 radicate 
Included within the term tivdrocarbvl- » ra r- . t »"o radicals. 

rm nyorocarbyl are C,. 20 straight, branched and cyclic alkyl 

"■□teals. c 6 . 20 aromatic radicals. C 7 . 20 alkyLsubstituted aromatic radicals and C 7 
20 aryl-substituted alKyl radicals. ,n addition two o, more such radicals may 
together form a (used ring system or a hydrogenated fused ring system Suitable 
hydrocarbyi-substituted Group ,4 or ,5 radicals include mono- d' and 
nhydrocarbyi-substituted radicals o, Group ,4 or ,5 Cements wherein each of the 
hydrocarbyl groups contains from 1 ,o20 carbon atoms ortwo such groups toge^er 

Zl To Z T 8Ve ' here0 '- EX8mPleS °* SU " abte "Vdrocarbyllbir 
Graup u or 15 radicate Include trimethyteilyl, Methylsilyl, e t hy,dime,hytei ¥ 

methyldethylsiiyl. triphenylgermy,. tdmethytgermyi, dimethylamino 

dmethylphosphino, and 1 -pyrrolidinyl groups. 

Examples o. suitable anionic, delocallzed ^-bonded groups include 
cyclopentadienyl, indenyi, fluorenyl, tetrahydroindenyl, tetrahydrofluorenyl. 
octahydronuorenyl. pentadlenyl, cydohexadienyl, dihydroanthraceny. 
hexahydroanthraceny,. and decahydroanthraceny, groups, as well as C, 10 
hydrocarbyl-substituted delves thereof. Preferred anionic delocalfced .-bonded 
gnup, are cyclopentadteny,. pentamethytcyclopentadienyt. tetramethytcyclo- 
^ST* 2 - 3< "— • * - 2-methyM- 

wherein: 

ud to to* T ani ° niC ' de, ° Cali2ed ' n ' b ° nded 9r0UP th3t '* S bOUnd to M ' c °«*™»9 
up to 50 nonhydrogen atoms. optionaHy two L groups may be joined together 

Zl 0 ? m ° re SUbStitUentS th6reby 3 brid96d and ^ 

opfonally one L may be bound to X through one or more substituents of L; 

M is a meta, of Group 4 of the Periodic Tabie of the E.ements in the + 2, + 3 * 
or +4 formal oxidation state; - , - : ' J - 
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X is an optional, divalent substituent of up to 50 non-hydrogen atoms that 
together with L forms a metallocycle with M; 

X" is an optional neutral Lewis base having up to 20 non-hydrogen atoms; 
X" each occurrence is a monovalent, anionic moiety having up to 40 non- 
hydrogen atoms, optionally, two X» groups may be covalently bound together 
forming a divalent dianionic moiety having both valences bound to M, or form a 
neutral, conjugated or nonconjugated diene that is ^-bonded to M (whereupon M is 
in the +2 oxidation state), or further optionally one or more X". and one or more X" 
groups may be bonded together thereby forming a moiety that is both covalently 
bound to M and coordinated thereto by means of Lewis base functionality; 

I is 1 or 2; 

misOoM; 

n is a number from 0 to 3; 

p is. an integer from 0 to 3; and 

the sum, l+m+p, is equal to the formal oxidation state of M. 

Such preferred complexes include those containing either one or two L 
groups. The latter complexes include those containing a bridging group linking the 
two L groups. Preferred bridging groups are those corresponding to the formula 
(EFT 2 ) X wherein E is silicon or carbon, FT independently each occurrence is 
hydrogen or a group selected from silyl, hydrocarbyl, hydrocarbyloxy and 
combinations thereof, said R* having up to 30 carbon or silicon atoms, and x is 1 
to 8. Preferably, ^Independently each occurrence is methyl, benzyl, tert-butyl or 
phenyl. 

Examples of the foregoing bis(L) containing complexes are compounds 
corresponding to the formula: 




WO 00/40623 



ill 



R [ R 3 
R 3 -<fei-R 3 

R 3 \. 

R 3 ~S ^4 -R 
R 3 R 3 



,3 ,MX" 2 



(0 



or 



wherein: 




M is titanium, zirconium or hafnium, preferably zirconium or hafnium, in the 
+2 or +4 formal oxidation state; 

hydro™ !T ° CCU ' TenCe ' ndependen ">' ls ***** "™ th. group consisting of 
hydrogen, hydrocarbyl. siiy,, germyi. cyano, hato and combinations thereof, said R 3 
hav,ng up t0 20 non . nydrogen a , oms Qr adjaoem RS groups (o9e|her ^ 

divafcn, derivative „ha. is. a hydrocarbadiyi. sitadiy, orgermadiy, group, thereby 
forming a fused ring system, and 

X " ^ependently each occurrence is an anionic ligand group of up to 40 
nonhydrogen atoms, ortwo X» groups together form a diva.ent anionic .igand group 
* up to 40 nonhydrogen atoms or together are a con.ugated diene having from 
30 non-hydrogen atoms forming a n-compiex with M, whereupon M is in the + 2 
formal oxidation state, and 

FT, E and x are as previously defined. 

The foregoing metal complexes are especially suited for the preparation of 
polymers having stereoregu.ar mo.ecu.ar structure. ,n such capacity it is preferred 
that the complex possess ^ symmetry or possess a chiral. stereorigid structure 
Examples of the first type are compounds possessing different de.oca.rzed 
bonded systems, such as one cyclopentadieny. group and one fiuoreny. group 
S.m,lar systems based on Ti(«V) or 2r(.V) were disclosed for preparation of 

Z T!T °' e,in P °' ymerS " EWe "* 61 aU ^^hern^pa 110. 6255-6256 
(1980). Examples of chira. structures include bis-indenyl complexes. Similar 
systems based on Ti(,V) or 2r(,V, were disclosed for preparation of isotactic olefin 
polymers in Wild et al.. J.Om a nnmp, .r horn 232> 233 . 47 (1Q82) 

Exemplary bridged ligands containing two n-bonded groups are- 
(d,methy.si.y.-b.s-cyc l o P entadieny.).(dimethy.si l y.-bi S -m e thylcyc,o P entadi e ny^^ 
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(dimethylsilyl-bis-ethylcydopentadienyl, (dimethylsilyl-bis-t-butylcyclopentadienyl). 
(dimethylsilyl-bis-tetramethylcyclopentadienyl), (dimethylsilyl-bis-indenyl), 
(dimethylsilyl-bis-tetrahydroindenyl), (dimethylsiiyl-bis-fluorenyl), (dimethylsilyl-bis- 
tetrahydrofluorenyl), (dimethylsi!yl-bis-2-methyl-4-phenylindenyl), (dimethylsilyl-bis-2- 
methylindenyl), (dimethylsilyl-cyclopentadienyl-fiuorenyl) r (1, 1, 2, 2-tetramethyl-1 , 2- 
disilyl-bis-cyclopentadienyl), (1. 2-bis(cyclopentadienyl)ethane, and (isopropylidene- 
cyclopentadienyl-fluorenyl). 

Preferred X" groups are selected from hydride, hydrocarbyl, silyl, germyl, 
halohydrocarbyl r halosilyl, silylhydrocarbyl and aminohydrocarbyl groups, or two X" 
groups together form a divalent derivative of a conjugated diene or else together 
they form a neutral, 7r-bonded, conjugated diene. Most preferred X" groups are C-|_ 
20 hydrocarbyl groups. 

A further class of metal complexes utilized in the present invention 
correspond to the formula: 

L l M X m X , nX" p , or a dinner thereof / 

wherein: 

L is an anionic, delocalized, 7r-bonded group that is bound to M, containing 
up to 50 nonhydrogen atoms; 

M is a metal of Group 4 of the Periodic Table of the Elements in the +2, +3 
or +4 formal oxidation state; 

X is a divalent substituent of up to 50 non-hydrogen atoms that together with 
L forms a metallocycle with M; 

X* is an optional neutral Lewis base ligand having up to 20 non-hydrogen 

atoms; 

X tt each occurrence is a monovalent, anionic moiety having up to 20 non- 
hydrogen atoms, optionally two X" groups together may form a divalent anionic 
moiety having both valences bound to M or a neutral C 5 . 30 conjugated diehe, and 
further optionally X 1 and X n may be bonded together thereby forming a moiety that is 
both covalently bound to M and coordinated thereto by means of Lewis base . 
functionality; 

I is 1 or2; 
m is 1 ; 
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n is a number from 0 to 3; 

P is an integer from 1 to 2; and 

the sum, l +m+P , is equal to the formal oxidation state of M 

o, n, lrog en. phosphorus, oxygen orsu|furtha( fe ^^J^ ^ „ 

according T" °' SU ° h Gr ° UP 4 me ' al »«*— ' «■**». usad 
according to t he presen , , meMion ^ ^ 




wherein: 

M is «aniu m or ionium in the .2 or*, forma, oxidation s«a,e; 

hydrogen ^ZZ" "T* * " ' h ° ^ — of 
having " t£ZT h h 9 * Cya "°' ha '° ^ «"«»*>"• tnerooi. said R 3 

conjugated diene; 5-30 
Y is -O-, -S-, -NR*-, -PR*-; and 

«*ere,n 2 l S .r" 2 ' ^ ""^ ^ «*"V 

wnerein. R is as previously defined. 

A further class of metal complexes useful in preparing the catalvsts of th* 
include Group 10 diimine derivatives co^LSo ^* ^ 
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C 



N ^ ^ — ^ CT-CT 

M* X' 2 A" wherein N N is Ar*-N N-Ar* 
N ^ 



M* is Ni(ll) or Pd(ll); 

X' is halo, hydrocarbyl, or hydrocarbyloxy: 

Ar* is an aryl group, especially 2,6-diisopropylphenyl or aniline group; 

CT-CT is 1,2-ethanediyl, 2,3-butanediyl. or form a fused ring system wherein, 
the two T groups together are a 1 ,8-naphthanediyl group; and 

A" is the anionic component of the foregoing charge separated activators. 

Similar complexes to the foregoing are also disclosed by M. Brookhart, et al., 
in J. Am. Chem. Sno , 118, 267-268 (1996) and J. Am. Chem. Snr. 117,6414- 
6415 (1995), as being active polymerization catalysts especially for polymerization 
of a-olefins. either alone or in combination with polar comonorners such as vinyl 
chloride, alkyl acrylates and alkyl methacrylates. 

Additional complexes include derivatives of Group 3, 4, or Lanthanide metals 
containing from 1 to 3 7t-bonded anionic or neutral ligand groups, which may be 
cyclic or non-cyclic delocalized Tt-bonded anionic ligand groups. Exemplary of such 
7r-bonded anionic ligand groups are conjugated or nonconjugated, cyclic or non- 
cyclic dienyl groups, allyl groups, boratabenzene groups, and arene groups. By the 
term "7t-bonded" is meant that the ligand group is bonded to the transition metal by 
a sharing of electrons from a partially delocalized 7i-bond. 

Each atom in the delocalized 7t-bonded group may independently be 
substituted with a radical selected from the group consisting of hydrogen, halogen, 
hydrocarbyl, halohydrocarbyl, hydrocarbyloxy, hydrocarbylsulfide, 
dihydrocarbylamino, and hydrocarbyl-substituted metalloid radicals wherein the 
metalloid is selected from Group 14 of the Periodic Table of the Elements, and such 
hydrocarbyl-, halohydrocaryl-, hydrocarbyloxy-, hydrocarbylsulfide-. 
dihydrocarbylamino- or hydrocarbyl-substituted metalloid radicals that are further 
substituted with a Group 15 or 16 hetero atorn containing moiety. Included within ; 
the term "hydrocarbyl" are C^O straight, branched and cyclic alkyl radicals, C 6 . 20 
aromatic radicals, C 7 . 20 alkyl-substituted aromatic radicals, and C 7 . 2 o aiyl- , : -. 
substituted alkyl radicals. Jn addition two or more such radicals may together form a ■ 
fused ring system, including partially or fully hydrogenated fused ring systems, or 
they may form a metallocycle with the metal. Suitable hydrocarbyl-substituted 
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organometalloid radicals include mono-, di- and tri-substituted organometalloid 
radicals of Group 14 elements wherein each of the hydrocarbyi groups contains 
from 1 to 20 carbon atoms. Examples of suitable hydrocarbyl-substituted organo- 
metalloid radicals include trimethylsiiyl, triethylsilyl, ethyldimethylsilyl, methyldiethyl- 
silyl, triphenylgermyl, and trimethylgermyl groups. Examples of Group 15 or 16 
hetero atom containing moieties include amine, phosphine, ether or thioether 
moieties or divalent derivatives thereof, for example, amide, phosphide, ether or 
thioether groups bonded to the transition metal or Lanthanide metal, and bonded to 
the hydrocarbyi group or to the hydrocarbyi- substituted metalloid containing group. 

Examples of suitable anionic, delocalized rc-bonded groups include 
cyclopentadienyl, indenyl, fluorenyl, tetrahydroindenyl, tetrahydrofluorenyl, 
octahydrofluorenyl.pentadienyl, cyclohexadienyl, dihydroanthracenyl, 
hexahydroanthracenyl, decahydroanthracenyl groups, and boratabenzene groups, 
as well as Ci-,o hydrocarbyl-substituted, C,. 10 hydrocarbyloxy-substituted, di(Ci-io 
hydrocarbyl)amino-substituted f or tri (Ci-, 0 hydrocarbyl)silyl-substituted derivatives 
thereof. Preferred anionic delocalized 7c-bonded groups are cyclopentadienyl, 
pentamethylcyclopentadienyl, tetramethyicyclopentadienyl, tetramethylsilylcyclo- 
pentadienyl, indenyl, 2,3-dimethylindenyl, fluorenyl, 2-methylindenyl, 2-methyl-4- 
phenylindenyl, tetrahydrofluorenyl, octahydrofluorenyl, and tetrahydroindenyl. 

The boratabenzenes are anionic ligands which are boron containing 
analogues to benzene. They are previously known in the art having been described 
by G. Herberich, et al. f in Qraanometallic s. 1995, 14, 1, 471-480. Preferred 
boratabenzenes correspond to the formula: 



wherein FT is selected from the group consisting of hydrocarbyi, silyl, or 
germyl, said R" having up to 20 non-hydrogen atoms. In complexes involving 
divalent derivatives of such delocalized rc-bonded groups one atom thereof is 
bonded by means of a covalent bond or a covalently bonded divalent group to 
another atom of the complex thereby forming a bridged system. 
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Illustrative Group 4 metal complexes that may be employed in the practice of 
the present invention include: 

cyclopentadienyltitaniumtrimethyl, 

cyclopentadienyltitaniumtriethyl, 

cyclopentadienyltitaniumtriisopropyl, 

cyclopentadienyltitaniumtriphenyl, 

cyclopentadienyltitaniumtribenzyl, 

cyclopentadienyltitanium-2,4-pentadienyl, 

cyclopentadienyltitaniumdimethylmethoxide, 

cyclopentadienyltitaniumdimethylchloride, 

pentamethyicyclopentadienyltitaniumtrimethyl, 

indenyltitaniumtrimethyl, 

indenyltitaniumtriethyl, 

indenyltitaniumtripropyl, 

indenyltitaniumtriphenyl, 

tetrahydroindenyltitaniumtribenzyl, 

pentamethylcyclopentadienyltitaniumtriisopropyl, / 

pentamethylcyclopentadienyltitaniumtribenzyl, 

pentamethylcyclopentadienyltitaniumdimethylmethoxide, 

pentamethylcyclopentadienyltitaniumdimethylchloride, 

(n 5 -2,4-dimethyl-1,3-pentadienyl)tifaniumtrimethyl F 

octahydrof luorenyltitaniumtrimethyl, 

tetrahydroindenyltitaniumtrimethyl, 

tetrahydrofluorenyltitaniumtrimethyl, 

< 1 '1-dimethyl-2,3,4,9,^^ 

(1 ,1 ,2,3-tetramethyl-2,3,4,9,1 0-ti-1 ,4,5,6,7,8- 

hexahydronaphthalenyl)titaniumtrimethyl t 

(tert~butylamido)(tete^^ 

(tert-butylamidoJOetramethyl^^^dopentadienyOdimethylsiia 
( tert -b"tylamido)(tetram^^ 

(tert-butylamidoJfhexamethyl^^indenyOdimethylsilanetitariium dimethyl, 
(tert-butylamido)(tetrame^ 

(dimethylamino)benzyl; 

(tert-butylamido)(tetramethyl-ri 5 -cyclopentadienyl)dimethy^ 

(tert-butylamido)(tetramethyl-Ti 5 .(^dopentadienyi)dimethylsilanetitanium (II) 1 ,4- 
diphenyl-1,3-butadiene, a o .-jl- . : -••■>: > \ 

<tert-butylamido)(2-methyl^ 

butadiene, -Vr i ■ - - 
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(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) 1 ,3-butadiene, 
(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium (II) 1 ,4- 
diphenyl-1,3-butadiene, 

(tert-butylamido)(2,3-dimethylindenyl)dimethylsilanetitanium (IV) 1 ,3-butadiene, 

(tert-butylamido)(2 ( 3-dimethylindenyl)dimethylsilanetitanium (H) 1 ,3-pentadiene, 

(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (II) 1 ,3-pentadiene, 

(tert-butylamido)(2-methylindenyl)dimethylsilanetitanium (IV) dimethyl, 

(tert-butylamido)(2-methyl-4-phenylindenyl)dimethylsilanetitanium (II) 1 ,4-diphenyl- 
1 ,3-butadiene, 

< te rt-butylamido)(tetrame^^ (IV) 1 ,3- 

butadiene, 

(tert-butylamidojaetramethyl^^cyclopentadienyijdimethylsilanetitanium (II) 1 ,4- 
dibenzyl-1 ,3-butadiene, 

(tert-butylamido)(tetramethy|.Ti 5 -cyclopentadienyl)dimethylsilanetto^ (11)2,4- 
hexadiene, 

(tert-butylamido)(tetramethyl- n 5 . C ycIopentadienyl)dimethyls^ (II) 3-methyl 

1 ,3-pentadiene, 

(tert-butylamido)(2,4-dimethy!-1,3-pentadien-2-yl)dimethylsilanetitanium 

(tert-butylamido)(1,l-dimethyl-2 r 3,4 f 9J0-Ti-1 l 4,5 t 6,7 ( 8-hexahydronaphth ' 
yl)dimethyJsilanetitaniumdimethyl, 

(tert-butylamido)(1 , 1 ,2,3-tetramethyl-2,3,4,9,1 0- n -1 ,4,5,6,7,8-hexahydronaphthalen- 
4-yl)dimethylsilanetitaniumdimethyl,,.- 

(tert-butylamido)(tetrarhethylcydopentadienyl)dimethylsilanetitanium 1 ,3-pentadiene, 
(tert-butylamido)(3-(N-pyrrolidinyI)inden-1 -yl)dimethylsilanetitanium 1 ,3-pentadiene, ' 
(tert>butylamido)(2-methyl-s-indacen-1 -yl)dimethylsilanetitanium 1 ,3-pentadiene, and 

(tert-butylamido)(3 f 4-cyclopenta(/)phenanthren-2-yl)dimethylsilanetitaniu 1,4- 
diphenyl-1 ,3-butadiene. 

Bis(L) containing complexes including bridged complexes suitable for use in 
the present invention include; 
biscyclopentadienylzirconiumdimethyl, 
biscyclopentadienyltitaniumdiethyl, 
biscyclopentadienyltitaniumdiisopropyl, 
biscyclopentadienyltitaniumdiphenyl, 
biscyclopentadienylzirconium dibenzyl, 
biscyclopentadienyltitanium^^-pentadienyl, . 
biscyclopentadienyltitaniummethylmethoxide, 
biscyclopentadienyltitaniummethylchloride, , ; 
bispentamethylcyclopentadienyltitaniumdimethyl, 
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bisindenyltitaniumdimethyl, 

indenylfluorenyltitaniumdiethyl, 

bisindenyltitaniummethyl(2-(dimethylamino)benzyl) 1 

bisindenyltitanium methyltrimethylsilyl, 

bistetrahydroindenyltitanium methyltrimethylsilyl, 

bispentamethylcyclopentadienyltitaniumdiisopropyl, 

bispentamethylcyclopentadienyltitaniumdibenzyl, 

bispentamethylcyclopentadienyltitaniummethylmethoxide, 

bispentamethylcyclopentadienyltitaniummethylchloride, 

(dimethylsilyl-bis-cyclopentadienyl)zirconiumdimethyl f 

(dimethylsilyl-bis-pentamethy^ 

(dimethylsilyl-bis-t-butylcyclopentadienyl)zirconiumdichloride, 
(methylene-bis-pentamethylcyclopentadienyl)titanium(lll) 2-(dimethylamino)benzyl, 
(dimethylsilyl-bis-indenyl)zirconiumdichloride, 
(dirnethylsilyl-bis-2-methylindenyl)zirconiumdimethyl, 
(dimethylsilyl-bis-2-methyl-4-phenylindenyl)zirconiumdimethyl ( 
(dimethylsilyl-bis-2-methylindenyI)zirconium-1 ( 4-diphenyl-1 f 3-butadiene, 
(dimethyIsilyl-bis-2-methyI-4-phenyiindenyl)zircdnium (II) 1 ,4-diphenyM ,3-butadiene t 
(dimethylsilyl-bis-tetrahydroindenyl)zirconium(ll) 1 ,4-diphenyM ,3-butadiene, 
(dimethylsilyl-bis-fluorenyl)zirconiumdichloride, 
(dimethylsilyl-bis-tetrahydrofluorenyl)zirconiumdi(trimethylsilyl) f 
(isopropylidene)(cyclopentadienyl)(fluorenyl)zirconiumdibenzyl f and 
(dimethylsilylpentamethylcyclopentadienylfluorenyl)zirconiumdimethyl. 
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Concerning the Cnratalyof 

The metal complexes are rendered cata.ytica.ly active by combination with 

an gating cocata.yst or by use of an activating technique. Suitab.e activating 

cocataiysts for use herein inc.ude neutral Lewis acids, such as C, 30 hydrocarby' 

substrtuted Group 13 compounds, especially tri(hydrocarbyl)aluminum- or 

tn(hydrocarby.)boron compounds and halogenated (including perha.ogenated) 
denv at hereof havjng from 1 tQ 2o cart?ons ^ hydrocarby( ^ ^ 

hyd ocarby. group, more especially perf.uorinated trifary.Jboron compounds, and 

most especially tris(pentaf l uoropheny,)borane; nonpolymeric, compatib.e 

noncoordinating, ion forming compounds (including the use of such compounds 

under oxidizing conditions), especially the use of ammonium, phosphonium- 

oxon,um, carbonium, silylium, su»fonium-, or ferrocenium- salts of compatible 

noncoordinating anions; bulk electrons (explained in more detai. hereinafter)/^ 
com binatIons of the foregojng actjvatjng cocatg|ysts ^ techn[ques ^ 

act.vat.ng cocatalysts and activating techniques have been previous.y taught with 
respect to different metal comp.exes in the following references: U.S Patent's 
5,132.380. 5.153.157. 5.064.802. 5.321.106. 5.721.185. 5.350.723. and 5.919.983. 

Combinations of Lewis acids, especially the combination of a trialky. 
alum.num compound having from 1 to 4 carbons in each alky, group and a 
hafcgenated tri(hydrocarby.)boron compound having from 1 to 20 carbons in each 
hydrocarby, group. especial.y t ri s (penta f IU orophenyl)borane. further combinations of 
such neutral Lewis acid mixtures with a polymeric or oligomeric alumoxane. and 
comb.nations of a sing.e neutral Lewis acid, especially tris(pentafluoro- 
Phenvoborane with a polymeric or oHgomeric alumoxane are desirable activating 
cocatalysts. , 

Suitab.e ion forming compounds usefu. as cocata.yst S in one embodiment of 
the present invention comprise a cation which is a Bronsted acid capable of 
donafng a proton, and a compatib.e. noncoordinating anion, A'. As used herein, 
the term "noncobrdinating" means an anion or substance which either does not 
coord.nate to the Group 4 metal containing precursor comp.ex and the cata.ytic 
denvative derived therefrom, or which is on,y weakfy coordinated to such complexes 
hereby remaining sufficiently labile to be displaced by a Lewis bases such as olefin 
monomer. A noncoordinating anion specifically refers to an anion which when 
uncboning as a charge balancing anion in a cationic metal complex does not 
transfer an anionic substituent or fragment thereof to said cation thereby forming 



- 16- 



WO 00/40623 PCT/US99/28850 

neutral complexes. "Compatible anions" are anions which are not degraded to 
neutrality when the initially formed complex decomposes and are noninterfering with 
desired subsequent polymerization or other uses of the complex. 

Preferred anions are those containing a single coordination complex 
comprising a charge-bearing metal or metalloid core which anion is capable of 
balancing the charge of the active catalyst species (the metal cation) which may be 
formed when the two components are combined. Also, said anion should be 
sufficiently labile to be displaced by olefinia diolefinic and acetylenically unsaturated 
compounds or other neutral Lewis bases such as ethers or nitriles. Suitable metals 
include, but are not limited to, aluminum, gold and platinum. Suitable metalloids 
include, but are not limited to, boron, phosphorus, and silicon, Compounds 
containing anions which comprise coordination complexes containing a single metal 
or metalloid atom are, of course, well known and many, particularly such 
compounds containing a single boron atom in the anion portion, are available 
commercially. 

Preferably such cocatalysts may be represented by the following general 
formula: 

(L--H) d + (A')* 

wherein: 

L* is a neutral Lewis base; 
(L*-H)+ Is a Bronsted acid; 

A ,d " is a noncoordinating, compatible anion having a charge of d- ( and 
d is an integer from 1 to 3. 

More preferably A ,d " corresponds to the formula: [M*Q 4 ]"; 

wherein: - 

M* is boron or aluminum in the +3 formal oxidation state; and 

Q independently each occurrence is selected from hydride, dialkylamido, 
halide, hydrocarbyl, halohydrocarbyl, halocarbyl, hydrocarbyloxide, hydrocarbyloxy 
substituted-hydrocarbyl, organometal substituted-hydrocarbyl, organometalloid 
substituted-hydrocarbyl, halohydrocarbyioxy, halohydrocarbyioxy substituted ^ 
hydrocarbyl, halocarbyl- substituted hydrocarbyl, and halo- substituted 
silylhydrocarbyl radicals (including perhalogenated hydrocarbyl- p rhalogenated 
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7~ , Pr0V ' S ° ' ha ' n °' m0rS ,ha " "» « «• Q halide 

5 Zaa SU " ab ' e '""^ ° *"«» a, disclosed in u.s! Pateni 

In a more preferred embodiment, d is one. that is. the counter ion has a 

P ncularlyusefu, m , he preparation ol catalysts of this Invention may be - 
represented by the following general formula: 

<L--Hr<BCM'- 
wherein: 

L* is as previously defined; 

B is boron in a formal oxidation state of 3; and 

hydroca^ioTor r^'' *~ *"y,, ftuorinated 

used a™'; ,imit,n9 ' eXamP ' e? ° f b ° r0n ~ ds «** -V *» 

inven«on ° ^ ^a'™ " the im P™ed cata,ysts of this 

«nvent,on are tn-substituted ammonium salts such as: 

trimethyiammonium tetraphenylborate, 

methyldioctadecylammoniumtetraphenylborate, 
triethylammonium tetraphenylborate, 

tripropylammonlum tetraphenylborate, 
1ri(n.butyl)ammonium tetraphenylborate, 

methyitetradecyloctadecylammoniumtelraphenylborate 
N.N-dimethylanilinium tetraphenylborate, .. . 
N,N-diethylanilinium tetraphenylborate, 
N,N-dimethyl(2,4,6:trimethyi a nilinium) tetraphenylborate 
tnmethylammoniumtetrakis(pentafluorophenyl)borate 
metbyiditetradecylammonium tetrakis(pentaf.uoropheny.,borate 
2%Wioctadecy,amm^ . 

memytammonium t^to(|)entaflubWphenyi)bora^ 
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tripropylammonium tetrakis(pentafluorophenyl)borate, 

tri(n-butyl)ammonium tetrakis(pentafluorophenyl)borate. 

tri(sec-butyl)ammonium tetrakis(pentafluorophenyl)borate, 

N,N-dimethylanilinium tetrakis(pentafluorophenyi)borate f 

N,N-diethylanilinium tetrakis(pentafluorophenyl)borate, 

N ( N-dimethyl(2,4 t 6-trimethylanilinium) tetrakis(pentafluorophenyl)borate f 

trimethylammonium tetrakis(2,3 t 4 r 6-tetrafluorophenyl)borate l 

triethylammoniumtetrakis(2 f 3 F 4 r 6-tetrafluorophenyl)borate t 

tripropylammonium tetrakis(2 r 3,4,6-tetrafluorophenyl)borate, 

tri(n-butyl)ammonium tetrakis(2,3 f 4 l 6-tetrafluorophenyl)borate, 

dimethyl(t-butyl)ammonium tetrakis(2,3 f 4 F 6-tetrafluorophenyl)borate t 

N ( N-dimethylanilinium tetrakis(2 f 3,4,6-tetrafluorophenyl)borate, 

N,N-diethylanilinium tetrakis(2.3,4,6-tetrafluorophenyl)borate, and 

N,N-dimethy!-(2,4 l 6-trimethylanilinium) tetrakis-(2,3 t 4 f 6-tetrafluorophenyl)borate. 

Dialkyl ammonium salts such as: 
dioctadecylammonium tetrakis(pentafluoropheny|)borate, 
ditetradecylammonium tetrakis(pentafluorophenyl)borate, and 
dicyclohexylammonium tetrakis(pentafluorophenyl)borate. 

Tri-substituted phosphonium salts such as: 
triphenylphosphonium tetrakis(pentafluorophenyl)borate, 
methyldioctadecylphosphonium tetrakis(pentafluorophenyl)borate, and 
tri(2 f 6-dimethyIphenyl)phosphonium tetrakis(pentafluorophenyl)borate. 

Especially preferred are tetrakis(pentafluorophenyl)borate salts of long chain 
alkyl mono- and disubsfituted ammoniurn complexes, especially C14-C20 alkyl 
ammonium complexes, especially methyldi(octadecyl)ammonium 
tetrakis(pentafluorophenyl)borate and methy!di(tetradecyl)-ammonium 
tetrakis(pentafluorophenyl)borate, or mixtures including the same Such mixtures 
include protonated ammonium cations derived from amines comprising two C i4r C i6 
or Cis alkyl groups and one methyl group. Such amines are available from Witco 
Corp., under the trade name Kemamine™ T9701. and from Akzo-Nobel under the 
trade name Armeen™ M2HT. 

Another suitable ammonium salt, especially for use in heterogeneous 
catalyst systems is formed upbn reaction of a organometal compound, especially a 
WfCl-e 3 ^)^"^"""? cbmpduKQ withal a v f : 
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hydroxyaryltris(fluoroaryl)borate compound. The resulting compound is an 
organometaloxyaryltris(fluoroaryl)borate compound which is generally insoluble in 
aliphatic liquids. Typically, such compounds are advantageously predipitated on 
support materials, such as silica, alumina ortrialkylaluminum passivated silica, to 
form a supported cocatalyst mixture. Examples of suitable compounds include the 
reaction product of a trifC^e alkyl)aluminum compound with the ammonium salt of 
hydroxyaryltris(aryl)borate. Suitable hydroxyaryltris(aryl)-borates include the 
ammonium salts, especially the forgoing long chain alkyl ammonium salts of: 
(4-dimethylaluminumoxy-1-phenyl)tris(pentafluorophenyl)borate, 
(4-dimethylaluminumo Xy -3,5-di(trimethylsilyl)-1- P henyl)tris(pentafluorophenyl)borate, 
(4-dimethylaluminumoxy-3,5-di(t-butyl)-1-phenyl)tris(pentafluorophenyl)borate, 
(4-dimethylaluminumoxy-1 -benzyl)tris(pentafluorophenyl)borate, 

(4-dimethylaluminumoxy-3-methyl-1-phenyl)tris(pentafluorophenyl)borate, 

(4-dimethylaluminumoxy-tetrafluoro-1-phenyl)tris(pentafluorophenyl)borate, 

(5-dimethylaluminumoxy-2-naphthyl)tris(pentafluorophenyl)borate, 

4-(4-dimethylaluminumoxy-1-phenyl)phenyltris(pentafluorophenyl)borate, 

4-(2-(4-(dimethylaluminumoxyphenyl)propane-2- 

yl)phenyloxy)tris(pentafluorophenyl)borate, 

(4-diethylaluminumoxy-1 -phenyl)tris(pentafluorophenyl)borate, 

(4-diethylaluminumoxy-3,5-di(trimethylsilyl)-1-phenyl)tris(pentafluorophenyl)borate, 

(4-diethylaluminumoxy-3,5-di(t-butyl)-1-phenyl)tris(pentafluorophenyl)borate, 

(4-diethylaluminumoxy-1-benzyl)tris(pentafluorophenyl)borate, 

(4-diethylaluminumoxy-3-methyl-1-phenyl)tris(pentafluorophenyl)borate, 

(4-diethylaluminumoxy-tetrafluoro-1-phenyl)tris(pentafluorophenyl)borate, 

(5-diethylaluminumoxy-2-naphthyl)tris(pentafluorophenyl)borate, 

4-(4-diethy1aluminumoxy-1.phenyl)phenyltris(pentafluorophenyl)borate, 

4-(2-(4-(diethylalumlnumoxyphenyl)propane-2- 

yl)phenyloxy)tris(pentafluorophenyl)borate, 

(4-diisopropylaluminumoxy-1-phenyl)tris(pentafluorophenyl)borate, 
(4-diisopropylaluminumoxy-3,5-di(trimethylsilyl)-1 - 
phenyl)tris(pentafluorophenyl)borate, 

(4-diisopropylaluminumoxy-3,5-di(t-butyl)-1-phenyl)tris(pentafluorophenyl)borate. 
(4-diisopropylaluminumoxy-1-benzyl)tris(pentafluorophenyl)borate, 
(4-diisopropylaluminumoxy-3-methyl-1-phenyl)tris(pentafluorophenyl)borate, 
(4-diisopropylaluminumoxy-tetraf luoro-1 -phenyl)tris(pentaf luorophenyl)borate, . 

(5-diisopropylaluminumoxy-2-naphthyl)tris(pentafluorophenyl)borate, 
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4-(4-diisopropyialuminumoxy-1-phenyl)phenyltris(pentafluorophenyl)borate ( arid 

4-(2-(4-(diisopropylaluminumoxyphenyl)propane-2- 

yl)phenyloxy)tris(pentafluorophenyl)borate. 

An especially preferred ammonium compound is methylditetra- 
decylammonium (4-diethylaluminumoxy-1-phenyl)tris(penta-fluorophenyl)borate, 
methyldihexadecylammonium (4-diethylaluminumoxy-1-phenyl)tris(penta- 
fluorophenyl)borate, methyldioctadecyl-ammonium (4-diethylaluminumoxy-1 - 
phenyl)tris(pentafluorophenyl)borate, and mixtures thereof. The foregoing 
complexes are disclosed in U.S. Patents 5,834,393 and 5,783,512. 

Another suitable ion forming, activating cocatalyst comprises a salt of a 
cationic oxidizing agent and a noncoordinating, compatible anion represented by 
the formula: 

(Ox^) d (A ,d ") e , wherein 

Ox 6 * is a cationic oxidizing agent having a charge of e+; 
e is an integer from 1 to 3; and 
A' d ' and d are as previously defined. 

Examples of cationic oxidizing agents include: ferrocenium, hydrocarbyl- 
substituted ferrocenium, Ag +1 or Pb +2 . Preferred embodiments of A ,d * are those 
anions previously defined with respect to the Bronsted acid containing activating 
cocatalysts, especially tetrakis(pentafluorophenyl)borate. 

Another suitable ion forming, activating cocatalyst comprises a compound 
which is a salt of a carbenium ion and a noncoordinating, compatible anion 
represented by the formula: 

wherein: 

© + is a Ci-2o carbenium ion; and 

A'" is a noncoordinating, compatible anion having a charge of -1 . A preferred 
carbenium ion is the trityl cation, that is, tripbenylmethylium. 



-21 - 



WO 00/40623 

PCT/US99/28850 

A further suitable ion forming, activating cocatalyst comprises a compound 
whrch is a salt of a silylium ion and a noncoordinating, compatib.e anion represented 
by the formula: 

R 3 Si(X')A'- 
wherein: 

R is C|. 10 hydrocarbyl; 
X' is hydrogen or R; and 
A'' is as previously defined. 

Preferred silylium salt activating cocatalysts are trimethylsilylium . 
tetrataspentafluorophenylborate. trjethy.sily.ium tetrakispentaf.uorophenylborate and 
ether substituted adducts thereof. Sily.ium sails have been previously generically 
Closed faJ-ChemSoo ChPm Oomm , 1993. 383-384. as well as Lambert J B 
et a... QraanpjneMlics. 1994. 13. 2430-2443. The use of the above silylium salts as 
r625 at 08 9 7 COCatalyStS additi ° n p0, ^ meri2ation c ^^'ysts is claimed in U.S. Patent 

Certain complexes of alcohols, mercaptans, silanols. and oximes with 
tns( pe ntaf. U oropheny.)borane are also effective catalyst activators and may be used 
accordmg to the present invention. Such cocatalysts are disclosed in U S Patent 
5,296,433. ' * 

The molar ratio of catalyst/cocatalyst employed preferably ranges from 
1:10.000 to 10:1. more preferably from 1:5000 to 10:1, most preferably from 1:1000 
to 1 :1 . Tns(pentafluorophenyl)borane, where used as an activating cocatalyst is 
preferably employed in a molar ratfo to the metal complex of from 0.5:1 to io-1 
more preferably from 1:1 to 6:1 most preferably from 1:1 to 5:1. The remaining 
act,vat,ng cocatalysts are generally preferably employed in approximately equimo.ar 
quantity with the metal complex. Preferably, the catalyst and activating cocatalyst 
are present on the support in an amount of from 5 to 200. more preferably from 10 
to 75 micromoles per gram of support. 

The catalysts may be used to polymerize ethylenically and/or acetylenically 
unsaturated monomers having from 2 to 1 00,000 carbon atoms either alone or in 
combination. Preferred monomers include the C^o a-o.eflns especially ethylene, ' " 
propylene, isobutylene, 1-butene, 1-pentene, 1-hexene. 3-methyl-i-pentene 4- 
methyl-1-pentene. 1-octene, 1-decene. long chain macromolecular a-olefins. and 
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mixtures thereof. Other preferred monomers include styrene. C^. 4 alkyl substituted 
styrene, tetrafluoroethylene, vinylbenzocyclobutane. ethylidenenorbornene, 1 ,4- 
hexadiene, 1 ,7-octadiene. vinylcyclohexane, 4-vinylcyclohexene, divinylbenzene, 
and mixtures thereof with ethylene. Long chain macromolecular a-olefins are vinyl 
terminated polymeric remnants formed in situ during continuous solution 
polymerization reactions. Under suitable processing conditions such long chain 
macromolecular units are readily polymerized into the polymer product along with 
ethylene and other short chain olefin monomers to give small quantities of long 
chain branching in the resulting polymer. Most preferably the present metal 
complexes are used in the polymerization of propylene to prepare polypropylene 
having a high degree of isotacticity. 

In general, the polymerization may be accomplished at conditions well 
known in the prior art for Ziegler-Natta or Kaminsky-Sinn type polymerization 
reactions, such as temperatures from 0 to 250°C and pressures from atmospheric to 
1000 atmospheres (0.1 to 100 MPa). Suspension, solution, slurry, gas phase or 
other process conditions may be employed if desired. The support, if present, is 
preferably employed in an amount to provide a weight ratio of catalyst (based on 
metal):support from 1 .100,000 to 1 :1 0, more preferably from 1 :50.000 to 1 :20, and 
most preferably from 1 :1 0,000 to 1 :30. Suitable gas phase reactions may utilize 
condensation of the monomer or monomers employed in the reaction, or of an inert 
diluent to remove heat from the reactor. 

In most polymerization reactions the molar ratio of catalystrpolymerizable 
compounds employed is from 10" ,2 :1 to 10' 1 :1, more preferably from 10" 12 :1 to 
10 s :1. - - ' 

Suitable solvents or diluents for polymerization via a solution or slurry 
process are noncoordinating, inert liquids. Examples' Include straight arid branched- 
chain hydrocarbons such as isobutane, butane, pentane, hexane, heptane, octane, 
and mixtures thereof; cyclic and alicyclic hydrocarbons such as cyclohexane, 
cycloheptane, methylcyclohexarie\ : methylcycloheptane/and mixtures thereof; 
perfluorinated hydrocarbons such as perfluorinated C4.10 alkanes/and aromatic and 
alkyl-substituted aromatic compounds such as benzene, toluene, and xylene. 
Suitable solvents also include liquid olefins which may act as monomers or 
comonomers including ethylene, propylene; f-butenej butadiene, cyciopentene, 
1-hexene. 3-methyK1-pehtene/^ 
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1-octene. 1-decene, styrene, divinylbenzene. elhylidenenorbomene, allylbenzene, 
vinyltoluene (including all isomers alone or in admixture), 4-vinylcyclohexene. and 
vinylcyclohexane. Mixtures of the foregoing are also suitable. 

The catalysts may also be utilized in combination with at least one additional 
homogeneous or heterogeneous polymerization catalyst in the same or in separate 
reactors connected in series or in parallel to prepare polymer blends having 
desirable properties. An example of such a process is disclosed in WO 94/00500, 
as well as United States Patent No. 5,869,575. 
Concernin g the Sup port 

Preferred supports for use in the present invention include highly porous 
silicas, aluminas, aluminosilicates, and mixtures thereof. The most preferred 
support material is silica. The support material may be in granular, agglomerated, 
peptized, or any other physical form. Suitable materials include, but are not limited 
to, silicas available from Grace Davison (division of W.R. Grace & Co.) under the 
designations SD 3216.30, Davison Syloid 245, Davison 948 and Davison 952, and 
fromCrossfield under the designation ES70, and from Degussa AG under the 
designation Aerosil 812; and aluminas available from Akzo Chemicals Inc. under the 
designation Ketzen Grade B. 

Supports suitable for the present invention preferably have a surface area as 
determined by nitrogen porosimetry using the B.E.T. method from 10 to 1000 m2/ g . 
and preferably from 1 00 to 600 m 2/g. The pore volume of the support, as 
determined by nitrogen adsorption, advantageously is from 0. 1 to 3 cm3/g, 
preferably from 0.2 to 2 cm3/g. The average particle size depends upon the 
process employed, but typically is from 0.5 to 500 pm, preferably from 1 to 100 urn. 

Both silica and alumina are known to inherently possess small quantities of 
hydroxyl functionality. When used as a support herein, these materials are 
preferably subjected to a heat treatment and/or chemical treatment to reduce the 
hydroxyl content thereof. Typical heat treatments are carried out at a temperature 
from 30°C to 1 000'C (preferably 250°C to 800»C for 5 hours or greater) for a 
duration of 10 minutes to 50 hours in an inert atmosphere or air or under reduced 
pressure, that is. at a pressure of less than 200 Torr. When calcination occurs 
under reduced pressure, preferred temperatures are from 100 to 800°C. Residual 
hydroxtfgroups are then removed via chemical treatment. Typical chemical 
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treatments include contacting with Lewis acid alkylating agents such as 
trihydrocarbyl aluminum compounds, trihydrocarbylchlorosilane compounds, 
trihydrocarbylalkoxysilane compounds or similar agents. 

The support may be functionalized with a silane or chlorosilane 
functionalizing agent to attach thereto pendant silane -(Si-R)=, or chlorosilane -(Si- 
Cl)= functionality, wherein R is a C,.,o hydrocarbyl group. Suitable functionalizing 
agents are compounds that react with surface hydroxy! groups of the support or 
react with the silicon or aluminum of the matrix. Examples of suitable functionalizing 
agents include phenylsilane, hexamethyldisilazane diphenylsilane. 
methylphenylsilane, dimethylsilane, diethylsilane, dichlorosilane, and 
dichlorodimethylsilane. Techniques for forming such functionalized silica or alumina 
compounds were previously disclosed in U.S. Patents 3,687,920 and 3,879,368. 

In the alternative, the functionalizing agent may be an aluminum component 
selected from an alumoxane or an aluminum compound of the formula AIR^R?,, 
wherein R1 independently each occurrence is hydride or R, R2 j s hydride, R or OR, 
x' is 2 or 3, y' is 0 or 1 and the sum of x' and y' is 3. Examples of suitable R 1 and 
R 2 groups include methyl, methoxy, ethyl, ethoxy, propyl (all isomers), propoxy (all 
isomers), butyl (all isomers), butoxy (all isomers), phenyl, phenoxy, benzyl, and 
benzyloxy. Preferably, the aluminum component is selected from the group 
consisting of aluminoxanes and tri(Ci-4 hydrocarbyl)aluminum compounds. Most 
preferred aluminum components are aluminoxanes, trimethylaluminum, 
triethylaluminum, tri-isobutylaluminum. and mixtures thereof. 

Such treatment typically occurs by: 

(a) adding to the calcined silica sufficient solvent to achieve a slurry; 

(b) . adding to the slurry the agent in an amount of 0.1 to 5 mmol agent 

. per gram of calcined silica, preferably 1 to 2.5 mmol agent per gram 
of calcined silica to form a treated support; 

(c) washing the treated support to remove unreacted agent to form a 
washed support, and 

(d) drying the washed support by heating and/or by subjecting to 
reduced pressure. 

Alumoxanes (also referred to as aluminoxanes) are oligomeric or polymeric 
aluminum oxy compounds containing chains of alternating aluminum and oxygen 
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atoms, whereby the aluminum carries a substituent, preferably an alkyl group The 
structure of alumoxane is believed to be represented by the following general 
formulae (-AI(R)-0) m ., for a cyclic alumoxane, and R2AI-0(-AI(R)-0 )nV -AIR 2 , for a 
linear compound, wherein R is as previously defined, and m' is an integer ranging 
from 1 to 50, preferably at .east 4. Alumoxanes are typically the reaction products 
of water and an aluminum alkyl, which in addition to an alkyl group may contain 
hal.de or alkoxide groups. Reacting several different aluminum aikyl compounds 
such as for example trimethyl aluminum and tri-isobutyl aluminum, with water yields 
so-called modified or mixed alumoxanes. Preferred alumoxanes are 
methylalumoxane and methylalumoxane modified with minor amounts of C 2 . 4 alkyl 
groups, especially isobutyl. Alumoxanes generally contain minor to substantial 
amounts of starting aluminum alkyl. compound. 

Particular techniques for the preparation of alumoxane type compounds by 
contacting an aluminum alkyl compound with an inorganic salt containing water of 
crystallization are disclosed in U.S. Patent 4.542.1 19. l n a particular preferred 
embod.ment an aluminum alkyl compound is contacted with a regeneratable water- 
containing substance such as hydrated alumina, silica or other substance This is 
enclosed in EP-A-338,044. Thus the alumoxane may be incorporated into the 
support by reaction of a hydrated alumina or silica material, which has optionally 
been functionalized with silane, siloxane, hydrocarbyloxysilane. or chlorosilane 
groups, with a tri ( Cmo alkyl) aluminum compound according to known techniques. 

Additionally, alumoxane may be generated in situ by contacting silica or 
alumina or a moistened silica or alumina with a trialkyl aluminum compound 
optionally in the presence of an inert diluent. Such a process is well known in the 
art, having been disclosed in EP-A-250,600; U.S.-A-4,912,075; and U.S.-A- 
5,008.228. Suitable aliphatic hydrocarbon diluents include pentane, isopentane, 
hexane. heptane, octane, isooctane, nonane, Isononane. decane. cyclohexane, 
methylcyclohexane and combinations of two or more of such diluents. Suitable 
aromatic hydrocarbon diluents are benzene, toluene, xylene, and other alkyl or 
halogen substituted aromatic compounds. Most preferably, the diluent is an 
aromatic hydrocarbon, especially toluene. After preparation. in the foregoing 
manner the residual hydroxyl content thereof is desirably reduced to a level less 
than 2 mmol of OH per gram of support by any of the previously disclosed 
techniques. 
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The support, as calcined and as reacted with a functionalizing agent, is 
referred to herein as a "support precursor". The support precursor, to which the 
first solution of either the metal complex or the cocatalyst in a compatible solvent 
has been applied and from which the compatible solvent is optionally removed, is 
referred to herein as a "supported procatalyst." The supported procatalyst, to which 
the second solution of the other of metal complex or the cocatalyst in a compatible 
solvent has been applied and from which the compatible solvent is optionally 
removed, is referred to herein as a "supported catalyst." The support precursor, the 
supported procatalyst, and the supported catalyst will advantageously have a pore 
volume, as determined by nitrogen adsorption, which is from 0.1 to 3 cm 3 /g, 
preferably from 0.2 to 2cm 3 /g. 

The process for preparing the supported catalyst system of the invention is 
advantageous, in that the catalyst and cocatalyst are not mixed prior to depositing 
them on the support. This accords the catalyst system with improved stability during 
the preparation process. 

The process of the invention is further advantageous in that it minimizes the 
use of solvent in the deposition step. This minimizes any catalyst deactivation 
caused by exposure to elevated temperatures and/or vacuum, or by incomplete 
solvent removal. This also translates to economic advantages attributable to 
reduced solvent handling. 

In one preferred embodiment of the invention, a sequential double 
impregnation technique in employed. In particular, in this preferred embodiment of 
the invention, the support precursor is sequentially contacted by a first solution of 
either the metal complex or the cocatalyst, and thereafter by a second solution of 
the other of the metal complex or the cocatalyst. In each of the two contacting 
steps, the contacting solution will be provided in an amount such that 100 percent of 
the pore volume of the support precursor Is at no time exceeded. Optionally, the 
support precursor may be dried to remove compatible solvent after the contacting 
with the first solution. This feature, however, is not required, provided the solid 
remains as a dry, free-flowing powder. This embodiment is advantageous, in that 
batch reactor experiments suggest that it leads to a catalyst exhibiting an improved 
kinetic profile and a lower exotherm than a catalyst prepared by slurrying the 
support precursor in a solution of both the metal complex and the cocatalyst/ 
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may lead to improved performance in the polymerization reactor and improved 
polymer morphology. 

In the formation of the first and second solutions utilized in the process of 
the invention, exemplary compatible solvents include aliphatic and aromatic 
hydrocarbons, such as hexane, heptane, ISOPAR™E mixed aliphatic hydrocarbon 
mixture (available from Exxon Chemical Company), and toluene. Such a 
compatible solvent will be selected in part on the basis of the solubility of the metal 
complex or cocatalyst to be dissolved therein, as will be evident to one skilled in the 
art. 

As set forth above, it may be desirable during the process to remove 
compatible solvent (after the applying of the first solution and/or after the applying of 
the second solution) to ensure that the amount of solvent present does not exceed 
the pore volume of the support precursor. As stated above, minimum solvent 
translates to greater stability during drying, particularly in the case of heat sensitive 
metal complexes and/or cocatalysts, as well as handling benefits associated with 
the production of a free-flowing material, as opposed to an agglomerated mass. 
Such solvent removal will be achieved by applying to the slurry a vacuum of from 
0.05 to 1 50 Torr, preferably from 0.05 to 40 Torr and/or by heating the slurry to a 
temperature of from 0 to 60°C, preferably from 20 to 40°C, with the understanding 
that when a vacuum is applied, any temperature of heating may be correspondingly 
reduced. 

Concerni ng the Presence of Scavengers 

The supported catalysts of the invention may also be used in combination 
with a tri(hydrocarbyl)aluminum compound having from 1 to 10 carbons in each 
hydrocarbyl group, an oligomeric or polymeric alumoxane compound, a 
di(hydrocarbyl)(hydrocarbyloxy)aluminum compound having from 1 to 10 carbons in 
each hydrocarbyl or hydrocarbyloxy group, or a mixture of the foregoing 
compounds, if desired. These aluminum compounds are usefully employed for their 
beneficial ability to scavenge impurities such as oxygen, water, and aldehydes from 
the polymerization mixture. Preferred aluminum compounds include C2-6 trialkyl 
aluminum compounds, especially those wherein the alkyl groups are ethyl, propyl, 
isopropyl, n-butyl, isobutyl, pentyt, neqpentyi/Sr Jsopentyl, and methylalumoxane, 
modified methylalumoxane .and diispbutylalumoxane. \. 
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invention. Under suitable processing conditions such long chain macromolecular 
units may be polymerized into the polymer product along with ethylene and other 
short chain olefin monomers to give small quantities of long chain branching in the 
resulting polymer. In a preferred embodiment of the invention, the resultant 
polymers will be characterized as being substantially linear polymers, as described 
and claimed in U.S. Patent Nos. 5,272,236, 5,278,272, and 5,665,800. 

General Polymerization Conditions 

In general, the polymerization may be accomplished at conditions well 
known in the prior art for Ziegler-IMatta or Kaminsky-Sinn type polymerization 
reactions. Suspension, solution, slurry, gas phase or high pressure, whether 
employed in batch or continuous form or other process conditions, may be 
employed if desired. Examples of such well known polymerization processes are 
depicted in WO 88/02009, U.S. Patent Nos. 5,084,534; 5,405,922; 4,588,790; 
5,032,652; 4,543,399; 4,564,647; 4,522,987, and elsewhere. Preferred 
polymerization temperatures are from 0 to 250°C. Preferred polymerization 
pressures are from 2 x 10 5 to 1 x 10 7 Pa. 

The process of the present invention can be employed to advantage in the 
gas phase copolymerization of olefins. Gas phase processes for the polymerization 
of olefins, especially the homopotymerization and copolymerization of ethylene and 
propylene, and the copolymerization of ethylene with higher a-olef ins such as, for 
example, 1-butene, 1-hexene, 4-methyI-1-pentene are well known in the art. Such 
processes are used commercially on a large scale for the manufacture of high 
density polyethylene (HDPE), medium density polyethylene (MDPE), linear low 
density polyethylene (LLDPE) and polypropylene. . 

The gas phase process employed can be, for example, of the type which 
employs a mechanically stirred bed or a gas fluidized bed as the polymerization 
reaction zone. Preferred is the process wherein the polymerization reaction is 
carried out in a vertical cylindrical polymerization reactor containing a fluidized bed 
of polymer particles supported above a perforated plate, the fluidization grid, by a 
flow of fluidization gas. 

The gas employed to fluidize the bed comprises the monomer or monomers 
to be polymerized, and also serves as a heat exchange medium to remove the heat 
of reaction from the bed.* The hot gases'emerge from the top of the reactor, ; 
normally via a tranquilization zone, also known as a velocity reduction zone, having 
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a wider diameter than the fluidized bed and wherein fine particles entrained in the 
gas stream have an opportunity to gravitate back into the bed. It can also be 
advantageous to use a cyclone to remove ultra-fine particles from the hot gas 
stream. The gas is then normally recycled to the bed by means of a blower or 
compressor and a one or more heat exchangers to strip the gas of the heat of 
polymerization. 

A preferred method of cooling of the bed, in addition to the cooling provided 
by the cooled the recycle gas, is to feed a volatile liquid to the bed to provide an 
evaporative cooling effect. The volatile liquid employed in this case can be, for 
example, a volatile inert liquid, for example, a saturated hydrocarbon having 3 to 8. 
preferably 4 to 6, carbon atoms. In the case that the monomer or comonomer itself 
is a volatile liquid, or can be condensed to provide such a liquid, this can be suitably 
be fed to the bed to provide an evaporative cooling effect. Examples of olefin 
monomers which can be employed in this manner are olefins containing 3 to 8, 
preferably 3 to 6 carbon atoms. The volatile liquid evaporates in the hot fluidized 
bed to form gas which mixes with the fluidizing gas. If the volatile liquid is a 
monomer or comonomer, it will undergo some polymerization in the bed. The 
evaporated liquid then emerges from the reactor as part of the hot recycle gas, and 
enters the compression/heat exchange part of the recycle loop. The recycle gas is 
cooled in the heat exchanger and, if the temperature to which the gas is cooled is 
below the dew point, liquid will precipitate from the gas. This liquid is desirably 
recycled continuously to the fluidized bed. It is possible to recycle the precipitated 
liquid to the bed as liquid droplets carried in the recycle gas stream. This type of 
process is described, for example, in EP 89691; U.S. Patent 4,543,399; WO 
94/25495 and U.S. Patent 5.352,749. A particularly preferred method of recycling 
the liquid to the bed is to separate the liquid from the recycle gas stream and to 
reinject this liquid directly into the bed, preferably using a method which generates 
fine droplets of the liquid within the bed. This type of process is described in BP 
Chemicals' WO 94/28032. 

The polymerization reaction occurring in the gas fluidized bed is catalyzed by 
the continuous or semi-continuous addition of catalyst. Such catalyst can be 
supported on an inorganic or organic support material as described above. The 
catalyst can also be subjected to a prepolymerization step, for example, by 
polymerizing a small quantity of olefin monomer in a liquid inert diluent, to provide a 
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catalyst composite comprising catalyst particles embedded in olefin polymer 
particles. 

The polymer is produced directly in the fluidized bed by catalyzed 
copolymerization of the monomer and one or more comonomers on the fluidized 
particles of catalyst, supported catalyst or prepolymer within the bed. Start-up of the 
polymerization reaction is achieved using a bed of preformed polymer particles, 
which are preferably similar to the target polyolefin, and conditioning the bed by 
drying with inert gas or nitrogen prior to introducing the catalyst, the monomers and 
any other gases which it is desired to have in the recycle gas stream, such as a 
diluent gas. hydrogen chain transfer agent, or an inert condensable gas when 
operating in gas phase condensing mode. The produced polymer is discharged 
continuously or discontinuously from the fluidized bed as desired. 

The gas phase processes suitable for the practice of this invention are 
preferably continuous processes which provide for the continuous supply of 
reactants to the reaction zone of the reactor and the removal of products from the 
reaction zone of the reactor, thereby providing a steady-state environment on the 
macro scale in the reaction zone of the reactor. 

Typically, the fluidized bed of the gas phase process is operated at 
temperatures greater than 50°C, preferably from 60°C to 110°C, more preferably 
from 70°C to 1 1 0°C. 

Typically the molar ratio of comonomer to monomer used in the 
polymerization depends upon the desired density for the composition being 
produced and is 0.5 or less. Desirably, when producing materials with a density 
range of from 0.91 to 0.93 the comonomer to monomer ratio is less than 0.2, 
preferably less than 0.05, even more preferably less than 0.02. and may even be 
less than 0.01. Typically, the ratio of hydrogen to monomer is less than 0.5, 
preferably less than 0.2. more preferably less than 0.05, even more preferably less 
than 0.02 and may even be less than 0.01 . 

The above-described ranges of process variables are appropriate for the gas 
phase process of this invention and may be suitable for other processes adaptable 
to the practice of this invention. 

A number of patents and patent applications describe gas phase processes 
which are adaptable for use in the process of this invention, particularly. U.S. 
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Patents 4,588,790; 4.543.399; 5.352.749; 5.436.304; 5.405,922; 5.462,999; 
5.461.123; 5.453,471; 5,032.562; 5.028.670; 5.473.028; 5.106.804; and 
EP applications 659,773; 692,500; and PCT Applications WO 94/29032, 
WO 94/25497, WO 94/25495. WO 94/28032; WO 95/13305; WO 94/26793; and 
WO 95/07942. 

Molecular weight control agents can be used in combination with the present 
cocatalysts. Examples of such molecular weight control agents include hydrogen, 
trialkyl aluminum compounds or other known chain transfer agents. 
Examples 

Unless otherwise stated, all manipulations were carried out in an inert 
atmosphere either in a nitrogen-filled glove box or under nitrogen using Schlenk 
techniques. 

Reagents. Methylene- bis(indenyl)Zr(ll) 1,4-diphenyl-1,3-butadiene, 
henceforward called EBIZr(ll), and tfac-ethylene- bis(tetrahydroindenyl)Zr(ll) 1,4- 
diphenyl-l t 3-butadiene, henceforward called EBTHIZr(ll) were prepared as 
described in U.S. Patent 5,527,929, examples 1 1 and 33, respectively, (t- 
butylamido)(tetramethyl-Ti 5 -cyclopentadienyl)dimethylsilanetitanium (II) T, 4 -3-methyl- 
1,3-pentadiene, henceforward called CGCTi(ll) was prepared as described in U.S. 
Patent 5,470,993, example 17. Tris(Pentafluorophenyl)borane was purchased from 
Boulder Scientific arid used without further'purification. bis(hydrogenated tallow 
alkyl)methyl ammonium tris(pentafluorophenyl)(4-hydroxyphenyl)borate, 
henceforward called HAHB, was prepared as described in PCT98/271 19. 
ISOPAR®E hydrocarbon mixture was obtained from Exxon Chemical Company. All 
other solvents were purchased from Aldrich Chemical Company as anhydrous 
reagents and were further purified by a nitrogen purge and by passing them down a 
12 inch column of chunk alumina which had been heat treated overnight at 250»c: 
Preparation of TEA-treated ES-70 silica. A 200 g sample of Crosfield ES- 
70 silica was calcined for 4 hours at 500°C in air, then transferred to a nitrogen-filled 
glove box. A 20 g sample of the silica was slurried in 120 mL hexane, and 30.8 mL 
of a 1 .0 M solution of triethylaluminum in hexanes was added over several minutes. 
The slurry was allowed to stand for 1 hour. At this time, the solids were collected on 
a fritted funnel, washed three times with hexanes, and dried in vacuo. 
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Preparation of TEA-treated 948 silica. A 200 sample of Davison 948 silica 
(available from Grace-Davison) was calcined for 4 hours at 250°C in air, then 
transferred to a nitrogen-filled glove box. A 15 g sample of the silica was slurried in 
90 ml_ hexane, and 30 mL of a 1 .0 M solution of triethylaluminum in hexane was 
added over several minutes. The addition rate was slow enough to prevent solvent 
reflux. The slurry was agitated on a mechanical shaker for 1 hour. At this time, the 
solids were collected on a fritted funnel, washed three times with 50 mL portions of 
hexanes, and dried in vacuo. 

Preparation of Scavenger ES-70 silica from Crosfield was calcined in air, in 
a flat tray, at 200°C for four hours. The calcined silica was poured into a dry glass 
bottle and quickly transferred to an inert atmosphere glove box. In the dry box, 
30.0 g of the calcined ES-70 were accurately weighed into a 500 mL Schlenk flask, 
and 150 mL of hexane were added to make a slurry. The flask was fitted with a 
septum and taken out of the drybox where 0.90 mL of deionized water were added. 
The flask was shaken vigorously, by hand, for a few moments and then returned to 
the drybox. Next, 1 00 mL of 1 M TEA in hexane were added to the flask, by syringe, 
while swilling the flask by hand. The total addition time was 5 minutes. The flask 
was agitated vigorously by hand and left to stand for about an hour. The treated 
silica was filtered on a fritted funnel and washed with several volumes of hexane. 
The silica was returned to the Schlenk flask and dried to constant weight under 
vaicuum at ambient temperature. 

Agitated Dry-Phase Polymerization Reactions. A 2.5-L stirred, fixed bed 
autoclave was charged with 300 g dry NaCI, and stirring was begun at 300 rpm. 
The reactor was pressurized to 7 bar ethylene and heated to the polymerization 
reaction temperature. 1-hexene and hydrogen were introduced to the appropriate 
ppm concentration, as measured by massed 56 and 2 on a mass spectrometer, 
respectively. A scavenger, prepared as described above, was introduced to the 
reactor. In a separate vessel, 0.1 g of the supported catalyst was mixed with an 
additional 0.5 g of the scavenger. The combined catalyst and scavenger were 
subsequently injected into the reactor. Ethylene pressure was maintained on a feed 
as demand, and hexene was fed as a liquid to the reactor to maintain the ppm 
concentration. Temperature was regulated by dual heating and cooling baths; - 
After 90 minutes the reactor was depressurized, and the salt and polymer were - : 
removed via a dump, valve. The polymer- was washed with copious distilled water to ? 
remove the salt, then dried at 50°C. .... , - ^ r - 
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Example Onp- Monoimprennatert rngrfin/FAR r.*,*^ 

To 3.0 g of EUAI treated ES-70 silica prepared as described above was 
added 8 mL of to.uene and 3.20 mL of a 0.037 M ethylene EBIZr(ll) solution in 
toluene. The mixture was dried under vacuum at ambient temperature until the 
flmchzatlon of the powder ceased. Two days later, to 1 g of the above powder was 
added 0.22 mL of a 0.1 M so.ution of tris(pentaf,uoropheny,)borane. and the powder 
was m,xed until it was homogenous. The solvent was not dried from the pores of 

el 8 !!?' d3yS af,er ,n ' S ^ entaf, - 0 P h -y')bora n e addition, the catalyst was 
tested for olefin polymerization activity as described above with a hexene 
concentration of 3000 PP m, no added hydrogen, and a polymerization temperature 
of 70°C. Addition of 0.1 g catalyst resulted in a 1 6°C exotherm and a gently 
decay,ng kinetic profile with a net efficiency of 40 g/gHrBar over 90 minutes. 
E xample Two: DouhlP Impregnated nnrrn dlVHAHR r^to.^ 

To 2.5 mL of a 0.04 M solution of HAHB in toluene was added 60 M L of a 1 9 
W I E« 3 A, solution. The solution was next added to 2.5 g of Et 3 AI -treated Davison 
948 s.Nca prepared as described above. The mixture was vigorously agitated to a- 
free flowing powder, then the solvent was removed under vacuum. Next. 0.5 mL of 
a 0.2 M solution of CGCTi(ll) in lsopar®E was added to the dry supported 
coca talyst . Tne mixture was aga . n ag . tatedt then me sojvent ^ s re ^ ed ^ ^ 

y-e d, ng a brown-green solid. A 0.1 g sample of the catalyst was evaluated for 
polymerization activity as described above with a hexene concentration of 3000 
PPm and a hydrogen concentration of 800 ppm. injection of the catalyst resulted in 
a 5 5-C exotherm. After the initial exotherm it had a moderate* decaying kinetic 
prof.le. The net activity was 99 g/gHrBar for a 90 minute run. 

Example ThrPP- Comparative Fvamnle nf * , nrt nripH 

Cataly st ' 1 

To 3 mL of a 0.040 M solution of HAHB in toluene was added 70 jiL of a 1 9 
Et3A ' S ° ,Uti0n in to,uene - ™ s s °«"«on was mixed for 30 seconds, then was 
added to 3.0 g Et^-treated Davison 948 siHca prepared as described above in 12 

, ,0 ' Uene - T ° th,S S,Urf V Was added 0-55 mL of a 0.22 M so.ution of CGCTi(H) in 
toluene. The combined mixture was slurried briefly (<i m inute)i and the so|vent 
was removed under vacuum to give a free flowing, green/brown solid A 0 1 g 
sam P . e of the catalyst was evaluated for polymerization activity under identical - " : 
cond,tion S as described above in examp.e 2. Cata.yst injection resulted in a 30°C 
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exotherm. After the initial exotherm it had steeply decaying kinetic profile. The net 
activity was 53 g/gHrBarfor a 90 minute run. 

Example Four nn,,h| e [mnrennat ed EBIZr(ll)/HAHB Cataly st 

In an inert atmosphere dry box, 2.0 g of Crosfield ES-70 silica prepared as 
described above was accurately weighed into a 1 00 mL schlenk flask. In a separate 
container, 1 .2 mL of 0.081 M HAHB in toluene and 60 M L of 1 .76 M TEA were 
together for one minute. The solution was quantitatively transferred to the silica via 
syringe, and the silica was agitated to a uniform and free flowing powder. The 
solvent was removed under vacuum at ambient temperature until the point of 
constant weight. Next, 2.5 mL of 0.026 M EBIZr(ll) solution in toluene were added, 
and the mixture was vigorously agitated until the powder was uniform and free 
flowing. The solvent was removed under vacuum at ambient temperature until the 
point of constant weight. 2.0 g of red catalyst powder were recovered. A gas phase 
batch polymerization reaction was carried out at 70°C as described above with a 
hexene concentration of 8000 ppm and no added hydrogen. Injection of 0.1 g of 
the catalyst resulted in a 7.9°C exotherm. After the initial exotherm, the reaction 
proceeded with a stable kinetic profile. The net activity was 63 g/gHrBar for a 90 
minute run. 

Example Five: Double I mpregnated FBTHIZrfllVHAHB Catalyst 

In an inert atmosphere glove box, 2.0 g of Crosfield ES-70 silica prepared 
as described above were accurately weighed into a 100 mL schlenk flask. In a 
separate flash, 0.78 mL of a 0.081 M solution of HAHB in toluene and 40 nL of 1 .76 
M TEA in toluene were combined. The solution was quantitatively transferred to the 
silica using a syringe, and the silica was agitated until to a uniform and free flowing 
powder. The solvent was removed under vacuum at ambient temperature until the 
point of constant weight Next, 2.5 mL of a 0.017 M solution of EBTHIZr(ll) in 
toluene was added, and the mixture was vigorously agitated to a uniform, free 
flowing powder. The solvent was removed under vacuum at ambient temperature 
until the point of constant weight. A gas phase batch polymerization reaction was 
carried out at 70°C as described above with a hexene concentration of 8000 ppm 
and 850 ppm hydrogen. Injection of 0,05 g of the catalyst resulted in a 5°C, 
exotherm. After the . initial exotherm, the reaction proceeded with a stable kinetic 
profile, The net activity was 1 30 g/gHrBar for a 90 minute run. 
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